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(57) Abstract 

A projection exposure method capable of keeping a liquid (7) filled between a projection optical system (PL) and a wafer (W) even 
while the wafer (W) is being moved when a liquid immersion method is used to conduct an exposure, wherein a discharge nozzle (21a) and 
inflow nozzles (23a, 23b) are disposed so as to hold a lens (4) at the tip end of the projection optical system (PL) in an X direction. When the 
wafer (W) is moved in a -X direction by an XY stage (10), a liquid (7) controlled to a preset temperature is supplied from a liquid supply 
device (5) via a supply pipe (21) and the discharge nozzle (21a) so as to fill the portion between the lens (4) and the surface of the wafer (W) 
and the liquid (7) is recovered from the surface of the wafer (W) by a liquid supply device (6) via a recovery pipe (23) and the inflow nozzles 
(23a, 23b), the supply amount and recovery amount of the liquid (7) being regulated according to a moving speed of the wafer (W). 
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^Tz. m^^no^jzit. mmmtwimizmj^mm (dof) 

R= k . • A/NA ( 1 ) 

5 = k 2 • A/NA' ( 2 ) 

;icT> ^.i^m^mm. na^s^^^^^oowp^^ k, , ka 
p-txi^fcTS-So (1) (2) ^cfcD. mBmR^m^^rz.^\z. 

iibT, mmmm^m-^nxi^^^o z.rnt. ^myt^m(Drmtoj^/\ 

^n.^(D 1 X nm (n\:^mi^(Dmm^xmm . 2~i. em 
m) izu^:it^mmi.xmm^^\^±'t^t^iz. mj^Mm^mnm 

iZlUh^-r^tl^^O h(DX$>^o 
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■:^^mz^^'m\<D^^m^it-nm-x. m^^^-kx-^t.^ (r) 

BJ!b> ^O-TX^ (R) (7)/\°^->^J^B7^^.^ (PL) ^^TrbTSfe 

(w) }L\z%i.'^-t^^k^m'9t-^mz^\^x. (w) ^pfr^iji^ 

iz^t^-Dx^m-^^^miz. ^(Di^^^^^ (PL) (D^(Dm^ (w) m 

(D^^mf- (4) CD^5^^Ki:^®S« (W) (D^ffi <h CD r^l ^-Mfcf =k 5 

(c. (w) (D#i!]:^rf^{ceoTm^(7)^t# (7) ^m-r^o^z 

\^rzh(DX^^o 

i^m^^m (PL) (D9cm^^tmm (w) t.o:>fmWt(Dmi^xmrc-^n 
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'Aiz. ^mmiz^^mi (Di^^m^'^mit. m^\d-Ax^-^x^ (r) 

^BSHJb. ^(DVX^ (R) (Dn^-y^i^B^^^ (PL) ^^bT 

mm (w) ±iz$R^^^ikBm^mmizi5\^^x. ^(D^m. (w) 

LT#i!j$i±^S«X7"-v (9. 10) ^Oi^m^t^^ (PL) 
CD^CT:)^^ (W) m(D^^m^ (4) (D^fey^^Kch^CDSfe (W) (7)^® 

t<Dm'S:mrc-r^oiz. im^moni'^ (2 1 a) ^i)\-Lxpn^:fj\M\zm 
■Dxmi^(Dmit (7) ^{iki^-r^Htf*ffti^'^e (5) ^(Dim:^m<D 

j:^ tciafi$nfci^asffl(7)@B^ (23 a. 23 b) ^i\-vx^comm 

(W) (7) ^mi^f^mi^miE'^m (6) ch^W 

L, -^c^S^Xt^— (9, 10) €r-IEIi!jLT^COSfe (W) ^^(DpJr 
^:^ri^JCfp^oT^®]$i±^^(;, ^(7)lft#: (7) O fit [hI i|X ^ ff 3 

^Tc. '^(Di%i[(DiM^m(Dm'^ (2 1a) Rzsmmmm^'s (23 a, 

2 3b) ^^M6^JC18 0° lHl$sLfciHaom2(7) 1^^0f±t^^ffl(7)@HW 
(2 2 a) . S:t5#lllffl(DiHl^ (2 4a, 2 4b) ^m^f^Z.tf)m^ 

Lv^o st^ (w) ^^(Dm^<D^\^tKM(Dyj\^\zmm-r^ 

mzit. m^o:> iMo^n^'^^m^^^^itx. (pd (d 

9ci^^^t^o:>mm (W) (D^ffi<h(7:>rHl^-e(7)Kt# (7) {z^r^^^izm 

rzi^m-f^z.tf}^x^^o 
^fz. "tcDn^mmytmrn^^-^T.^^ (r) tmm (w) ii^^oj^.^^ 
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(PL) \zn\^xmm^m\^xmyt^no^^m^m-^h^^^^. 
os« (w) m(D^^m=f- (4) (D9tti^^iL^(DmwL (w) ©ssi© 

1 a) &a^"4^^ttiffl(7)SB^ (2 3 a, 2 3 b) tC^^J^j^-T^MBST 1 X 
li2^>j-(D{±t,1$^ffl(75@2t^ (2 7 a) , ^XSm\^m(DM'^ (2 9 a, 2 9b) 

(W) (DUmt(DT^^^(DmW (7) (I J: D '/ifc LMtt 

<^(DS^^^I^ (PL) (7)5feSBI5i^(DS^ (W) (DnMt(Dm\Z- 
^{C^fcLT43< ;i i T ^ ^ o 

^/L. ^(DmU. (W) (7)^®J3fit|^$n^^(Z)M#: (7) -mt: 

(w) (Dmm^%^^<^ii-fy^x^^. ^(Dmm-xm':H:}d-i^\z%it^m. 
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(w) ±fcfe^-r^sf^7t#^ (PL) ^(DmwL (w) ^umx^x 

5 ^m^^^^WL7.^-z^ (9, 10) ^(Dli^myt^m (PL) 0^ 

(Dmm (w) mcD^^m'f- (4) <D9c^mL^(Dmm (w) (T^^sio) 
m^mrzt^oiz. iM^moDm"^ (21 a) ^^LTm^;^f^fi?eoT 
Bff^co?^#: (7) ^iM^-r^mm^'^'^m (5) ^©fiti&fflcDiB^ 
(2 1a) ti^iz^(Dpn&^[^{z^o:)myt\i-A(DmM$Mm. (4) 

10 tJ^i:-5 lclSm$n;Aci^pmffl(7)Sa^ ( 2 3 a. 2 3 b) ^^bT^(DS1S 
(W) (D^ffi^^e-^©^^^: (7) ^IiiiR-r'5?^#:lHli|Xge (6) L^m 

15 (R) ^mmV. ^(D-^Ts^ (R) (;:)A°:$7_>^f^^^^^ (PL) ^ 

J^^T^^x^ (PL) CD^C^S^ (W) iiJOT^^m^ (4) (D%^^tlh^ 
(W) (7)^ffii:0DrBl&-M7tt"ct-5 (C. ^O^^ (W) (D^m:^i^ 

20 (cfo'-i^Tm^oi^^: (7) ^^M-tJ:oizLrzh(Dx$,r}^ mwi^^mm 

'Aiz. :^mmizj:^m2 (Di^mm^yjmi-^. ^T^ti-ATTx^ (r) 
^mmv. i^m^^m (pd ^i)r\^x^(Dm^if-i^xmu (w) ^ 

<7) ^ »ft -r ^ ^ {b $ -ti- ^ O T ^ ^ o 
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(PL) tmu (w) ho^fm^^o^mw^^mtz^n^Tz.^. 
^<7)Sis (w) (D^myji^izm^Yx^-Drmci^^iz^cDmi^i 

(7) ^rjfETCiT^^'ct OM^Ul/^o 
^fe. boosts (W) ^^Xy^^yy°' T>F • U h ;^S^XtiX ^ 

y • T> H • >;^5CTM7t$ti^±l^{::«, ^oStg (W) o^x 

^Tz. ^(Dmyt\d'-AlZMVX^<D-^X^ (R) (W) t 

^^n^enmM^mvx . '^(Dm^\d'-Ax^(Dmm^M^myt'r^t 
(7) ^m-tztf)m^L\^^o 

sfe, ^(Dmm (w) (D^ii]ji^{3^£:;{::T^(D^s# (7) (Dyjfts^i^ 
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5 tkB^^m (PL) ^^LT^OST^ti-ATSm (W) ± 

^ o 

10 m'^^^:^mm(Dm2(Di^mm^mmiz^n\t. ^mm(Dm2(Di^mm 
^x&'DXh. ^(Di^B^^mt^(Dm^tcomiz^<Dmi^^mrci.x 

^tz. ^(Dm^M-KXZtiX^X^O^-^Ts^ (R) i^cDS^ (W) h 
15 •^^tl^n^ti'^m^^^^'-^J ' lyT.J-h. (RST. 9~11) 

S7t. ^osbt^^^ (PL) i:^(7DSis (w) ^(Dmz{%m^ntz. 

(7) ^lElJRf -^V-S^^HiilXSg (6) ^^\Z\MX^Z.t.ti^^^\^\^. 
20 ^7t, ^(D?f^#:fit|^^a (5) (Dm^U (2 1a) t ^COwt#:[lIiR^ 

g (6) OHIiRP (2 3 a, 2 3 b) i: H^OSt^ A (Dfl^ltM^^ 
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ab-So m6\t. m 5 (D^myt^^F h A(DU>X 3 2(D^m^3 2 At 

xij\^mo:>mi^y X)ijSLZSiMxy xjvtoDiiLmmm^^'tm'-c&^o m 
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2 Ix — -tPT^ (r^S 1 5 7 nm) tK ^ ^ > "7° i B 3 6 5 nm) 

li^^il/ — 1f^?^st (^0^) fCctoT U TJl/^^-Y A^CgfzftiJ$n. ^(D 
^nXV^-So ZX7=-~>>^9 tiJ^f^7^#I^P L(7)#®,h^Mfi^tC¥ff T^CX 

1 0 tl^-x 1 1 ±tcmB$nTVi^o Z7.-T-->?9«, "^x/nwcd:? 

L CDffeStC'&t^iijA^, X YX^— 1 0 ti':>x/\wcox;&|p|, :RtKY 
^ (Z) 14 a ^ 56 ^ If ^' o ZX7=--v9 (-^X/NW) CD 2 7C f4 S > 
&tK[Hlfe:^ti, mmmi 2 (D^fiBt bTl/— if^?^at 1 SfCckoTUT 

<^xAX5^-vigffiji^ 1 5 tc$fjtai'if #g7j;^^iiie>n. cntdS-^^v^T'^xA 



wo 99/49504 



PCT/JP99/01262 



11 

I^PL(D7^##'i4. ^J^^^iR^ mMU^. n-TiR^^) (Di^MtcffiVi 

m\z^m\^xmw i \z\^m.t'^':Hi^n'^(r:>^ntimn^f:Lt). ^cd^^ 

MT^B#rB^/^^'S< T^cJioTb^t/^^ >^ >7^-:h>X:nX h (•^>x>^3X 
h) (DJi#^XJl/-Xy h(DfgT^^<o ^;iTl^#:7 (ht^MT^T^:^ 

J;<, ?^#:7 iiiMf ^7^¥ST^l/>X<i:-r^il'&{Cl:b^T^(D^^ 
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nJttmtl. 4X$>^rzib. K r FX^ v-TU — -tf^cD^^S 2 4 8 nm 

4mizu.iz^ri^rz^^. ^n.^xmrn-r^m^trnmrno^mj^mm^m 

^X^rilt^i^^m-^izlt. J^^^^^P LOP^flP^^ci: 0iiJ]P$i^-5 z: 

t-fj^x^. z.(D}^.x^mBm^^\^±-r^o 

B^^m P L 1/ >X 4 (D^m^^X-^i^lz^tsJ^o iz^iim^^m < 

a, 2 3b m2mm) f)mm-^tix^r^, ^aiy x;u2 i a^i«$^« 
2 i^iftvxmi^-m'^mmsizmm'^n. mxyx)i2 3a, 2 3b\^ 
^^^"^2 s^^Lxmi^miummeizmm^nx^^^o m\z. ^oim 

(Dmn\yX)V2 l a. RZS-mxy X)12 3 a, 23 b^t^t^ 1 s 0 ° in 

^o\zmm-^nrc2M(Dmthy X)i. Rzsmxy xji^mm-^nxi^^o 
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yx;i/2 1 a}6^ -xyj^m^zmxy X)V2 3 a, 2 3h^^^n^nm 

5 m^nXVi^o ^Tz. X)U2 3 a, 2 3 b\^9ci^^4 A(D^'b^ 

lM0:>mti^y X)V 2 1 a> RUmxy X)12 3 a, 2 3 h^m^l 8 0 
° |lIfeL/t:iSeT!^ij(D 1 ^^(7)Spaiy X;i/2 2 a , JSLlSmXy X}12 4 a, 

2 4 biimm^ti. mt^y X)i2 2 a\tiM^'W2 2 ^i)\-vxmitiM'k'& 
10 m^izmm-^n. iMxy X)i2 4 a, 2 4biit\B\iU'W2 4^i\'Vxmi^ 

^fz. m3lt. mio:>i^B^^mPl^(DU>X4(D9cm^^4AL. ^ 

(D9cmw^4 A^Y^\^\zmts2ti(Dm^y X)V'BLismxy X)v^<D\tLm. 
m%^^\y^ z.(Dm3\z^ux. ^^ti4 A(D + Yyj);^m\zm]^y X)v 

15 2 7 at^. -Y^\^{mz'MXy X)V2 ^ a, 2 9 b ;0^^^n^'niHe$ tl. 

mmyx)V2 1 a\x\Vkmm2 1 •^'k\^xmm'kmmm.t>\zWim,^n. ^ 

Xy X)V2 9 a, 2 9 btllHliRS2 9 bTf^#:[lIi|X^a 6 

nxvi^o src. 1 ^ws^ffiy x;i/2 7 a. :RD^'^^Ay x;i/2 9 a, 2 

9b^tSt^^l8 0° [HllsLrciSaTSijCD 1^^0S^£±iyX;i/2 8 a, ^XS 
20 ?^AyX;i/30a, 3 0 b/^>^'iaS$n. #ttiy X;i/ 2 8 a 2 8 

^^bT?K#:#^^^Sg5 (li^M^n, »ftAy X;i/3 0 a, 3 0btiIlIiiX 
^3 0 ^:rM.Tl€#:|lIi|X^S6 tCj^,M$nTVi^„ 5 

#t|^t=2 1, 2 2, 2 7, 2 8 0^>7'ci:< — •O^^bTU>X4C05fe 
25 S6 iilHliRW2 3 , 2 4, 2 9, 3 0 < i: =fe — "i^ LT^Ol^ 
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^7.y^yy''^W}-^ii^mz\i. 5 tt, ^^^^ 2 1 , RZSm 

n^yX)V2 1 a ^iVl^XVyX4:(D%)imW^4:At^JL/\y^t.(Dm\Zmi^ 

2 3 a, 2 3 b ^irrUT'^x;\W±;^>^^^t#:7 SmilXT'So iKDi:^. 
;U2 2 a^^ffl LTl/>X4 (D^J^gM AiL-i^X/NWiK^PB^tC^-^ft: 7 ^ 

{^i&L. mwm^'^mQ\tm^'^2 A:BLXsmxjX)V2 A a.. 2 4b^ 

^ffl LT?^#: 7 ^HJiRT-So HOt^. 7 «'j7XAW±^^En 2 6 

Wch ^>X4 i: CD PhI ^ ^^f* 7 fCcfc D ^^tlvifc LMtt^ ^ i:/^>^'T^^o 
^/t. ?S#:7 7j>^~'j7X/NW±^»{tn'5 7ta6. '^XAW±t;:M2^ (l/vX 

mw^^'^'^m.^ \z^r)fj\'^(D'^m\zmm-^riX\^^^rc^. ^jL;\w^m 
(Dum.mm.m'rt^nx . m%(Dmz^\:^^m\z^^^jLj\(DmBmz^ 
^mu'^tDm%mm(D\^T^m<z.t.f)^x^^o ^-dx. ega (x> 

yy^^y V hm^t.\zmm^(D^^ig^x^'DX%. ^jl;\(dp^m^ 
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int., m 3 fC43V^T^|.^T^-r^^ 3 1 A(Dyj\^ (-Y;^|pJ) IZ^X. 

mn^o sfc, ^x./\^ + Yij\^iz7.5^yy''^m^^^mzu. m^'s 

2 8. ma^y X)12 8 a. mi^^'^S ORZSmxy X)V3 0 a, 3 0b^ 

^ffl b Tit #: CD fit, 011X75^^ ff^n, mmt^ti^m 4 A(DmT (DM^ 

I^S.D^lElJ|X(D|i^^^b, ^1(^0 4 t:i*Dt/^T, 0X-/\W\t.^^2 5 AO) 
25 ^I^ (-X;^[&]) {C^i<]LT*30, minyX)l2 1 actDflt^^^rLfvil^ 
#:7tS, ^PP2 5B(D;^f^ (-X:;^IrI) ^zMtl. mX/ X)12 3 a, 2 
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V i = V o =D • V • d ( 3 ) 

CZIT, mi lZ7jK-r^o\ZD\tU>X4(D^1i^^^<Dm% (m) , v« 
XYX7"->? 1 0 ©i^I^jii^ (m/s) . dHJS^T^^I^PL^i^KjSg 

' f"^ X^>7.) (m) TS^o X YX5^--:/ 1 0 

^oizi'fmmMditm.^^rz.ib. mi^7 (Dm^mzti-t^mjMimfim^m 

S5, :Rt;f^#:lIIi]Ji^S 6 ^S^-riESIlIT^) D > Z <D m 4 \ZM Jt-T ^ 
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1 0 ^^bT'i7XAW;^)^^+x;^fR] (xi-^-xum izmmiS'V 
^ (7) S 7^ 5^?^' Hi :^ fT :b n ^ o 

12 6 tl, JS^T^^I^P L A(Dlx>X3 2 (D^^ffi^|5 3 2 Ach^^#:7 ^X 
lfflfiVi^fl^fC;^d:oT^i9. t^myt^^P L A(D U > X 3 2(D5fe«^g|5 3 2 

A^x:^i^{::^trj;-5fc + x;^ip]#Jfc3flil(Di^^tBy X;i/2 i a^2 i c 

7i)^^@as$n. -x;^f^fiijfc2i@cD»itAy x;u2 3 a. 2 3bmim'^n 

^bT> #myX;i/2 1 a~2 1 c ^i{^t,|^W2 1 ^iftLxi^^mr^ 
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